Abstract: Preparation of 4-deoxy mannose intermediates, useful for the synthesis of hemibrevetoxin is reported by a short reaction pathway.
Hemibrevetoxin B 1 is a natural marine product, 1 of the brevetoxin family of which brevetoxin A 2,3 and brevetoxin B 4 are representative examples. This 6,6,7,7-tetracyclic ether, isolated from Gymnodinium breve contains 10 stereogenic centres (Figure) . The interest in this family of products is due to its very high neurotoxic activity. 1 
Figure
A variety of synthetic approaches has been explored. 5 The total synthesis of hemibrevetoxin B 1 has been accomplished by the groups of Nicolaou, 6 Yamamoto, 7 Nakata 8 and Mori. 9 Except for the Nakata strategy, which consists of the construction of the A cycle in the final steps of the synthesis, the other approaches implied the construction of the A ring first. This ring was obtained 6 in twelve steps from D-mannose (Scheme 1).
Scheme 1
We recently reported a new method to obtain bicyclic ethers 10 and we decided to apply this strategy to the synthesis of hemibrevetoxin B. However, we were interested first to look for a shorter preparation of the A ring of this compound. Our approach was based on the pioneer work of Danishefsky 11 concerning the hetero Diels-Alder reaction of aldehydes with 1-methoxy-2-(trimethylsilyloxy)-1,3-butadiene. Besides, asymmetric cycloadditions have been well studied. 12 Following the Danishefsky procedure the racemic enone 1 was prepared and stereospecifically reduced to the allylic alcohol 2 (Scheme 2). Reaction of the latter with m-chloroperbenzoic acid in the presence of methanol gave diol 3a. After benzylation, subsequent allylation using allyltrimethylsilane in acetonitrile at 0°C (2 days) led to a diastereoisomeric mixture (96:4) of the two allylic tetrahydropyrans 5, 6 (overall yield 80%). The low reactivity of 4a in the allylation reaction led us to prepare and examine the behavior of the 2-methoxyethoxy derivative 4b. This compound was obtained as reported above for 4a by reaction of allylic alcohol 2 with m-chloroperbenzoic acid in the presence of 2-methoxyethanol, followed by benzylation and allylation. In this case, completion of the allylation reaction was achieved in 12 h, but Allylation of 4b, with allyltrimethylsilane followed by workup of the reaction mixture with acetic anhydride 14 led to 7 (Scheme 3). Selective cleavage of the 2-O-benzyl ether was then accomplished by reaction with iodine in acetonitrile. A mixture of tetrahydrofuran 8a (2 diastereoisomers) and tetrahydropyran 8b (1 diastereoisomer) was obtained in a good overall yield. Subsequent reaction with zinc in acetic acid afforded the 1-allyl derivative 9. 13 The mixture of iodo ethers was also treated with potassium carbonate, and the free alcohol function was protected as a t-butyldiphenylsilyl ether to give the mixture 10a-10b. Reaction with zinc with this mixture led to the 1-allyltetrahydropyran 11 whose 1 H NMR spectrum was identical to the one previously reported.
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Scheme 3
We were also interested to find conditions in which 6 could be obtained in good yield. This problem was solved by a four step procedure using the Kishi's methodology. 15 Compound 4a was deprotected under acidic conditions into hemiacetal 12, and then oxidised to lactone 13. Addition of allylmagnesium chloride on the carbonyl group led to the tertiary alcohol 14 which was reduced in the presence of triethylsilane in methylene chloride (1-1 v/v mixture) to the two diastereoisomers 5, 6 in a 20:80 ratio. We were unable to avoid the formation of 5 during the reduction step (Scheme 4).
Scheme 4
In conclusion we have developed an efficient procedure to obtain α-1-allyl tetrahydropyran derivatives 5, 9 and 11 which can be useful synthons for the preparation of brevetoxin derivatives. Work is in progress to apply these results in the optically pure series. 
